The gastric mucosa protection effect of three natural plant extracts, Hericium erinaceus (HE), Centella asiatica (CA) and Amomum villosum (AV), were evaluated using the indomethacin damage model. Compared with a single extract, a combination of HE/CA/AV, especially with the ratios of 80:10:10, 45:45:10 and 45:10:45, showed significant synergistic effects for protection of the gastric mucosa with gastric ulcer inhibition rates of 97.8 ± 0.7%, 86.5 ± 2.8% and 86.1 ± 3.6%, respectively. Microscopic appearances of the gastric mucosa were carried out to help confirm the results.
Gastric ulcer is one of the most popular diseases that affects millions of individuals worldwide. It is a defect in the gastric wall that extends through the muscular mucosa into the deeper layers of the wall and the ulcer may erode a major blood vessel to produce the complication of potentially life-threatening hemorrhage [1] . The main clinical drugs for gastric disorders include antacids, acid suppressive agents, histamine H 2 receptor antagonist, anticholinergic M 1 , cytoprotective agents, anti-H.pylori and triple therapy [2, 3] . Most of them are chemical drugs with considerable side effects such as stimulate the gastrointestinal tract, damage the gastric mucosa, destroy body balance and even cause other diseases [4] . Hence, it's still urgent to develop new drugs for gastrointestinal disease and natural products are believed to be a good alternative.
Hericium erinaceus (Rull ex F.) Pers. (HE) is a kind of mushroom with edible values and medicinal properties. Its pharmacological effects, including inhibiting the growth of H. pylori [5] , and inducing IL-1β [6] and iNOS gene expression [7] [8] [9] , may be helpful to deliver the multi-benefits for gastric ulcer protection. Centella asiatica (L.) Urban (CA) is a medicinal plant spread over the southern area of the Yangtze River, China. The extract of CA can prevent ethanol induced gastric mucosal lesions by strengthening the mucosal barrier [10] , inhibit the synthesis of NO and decrease the activity of myeloperoxidase [11] . It can also accelerate epidermal wound healing by up-regulating human collagen I expression [12] and increasing tensile strength of the wounds [13] . Amomum villosum Lour. (AV) is a perennial herb spread mainly in tropical and sub-tropical zones. It was reported to have the benefit of increasing the wall mucus and flattening mucosal folds [14] to protect the stomach. In consideration of their special effects or mechanisms, we carried out a TCM compound study to explore more the safety and efficacy of drug/health foods to meet the urgent needs for prevention of gastric ulcer.
The indomethacin induced gastric mucosa damage model was successfully established and optimized. The plants and their combinations were screened on the animal model. Compared with model group, all the three plants can decrease rat gastric mucosal damage at the daily dosage of 200 mg/kg, among which plant HE showed the best activity with ulcer inhibition rate of 72.73 ± 2.47%. The combination of the plant extracts showed better effect than the single one. The combinations at the ratio of HE:CA:AV=80:10:10, 45:45:10, 45:10:45 showed unexpected effect with ulcer inhibition rate of 97.83 ± 0.68%, 86.54 ± 2.82% and 86.13 ± 3.62%, respectively ( Figure 1 and Table 1 ). IR (HE:CA:AV=80:10:10) > 8/10 HE+1/10 CA+1/10 AV. So we think the combination showed synergy effect compared with the single plant extract. Compared with blank control, ## P<0.01; Compared with model control, **P<0.01. Microscopic examinations of gastric mucosa with different formulations were carried out to help confirm the results. The Blank stomachs showed organized glandular structure and normal submucosa. The Model stomachs showed severe ulceration seen as epithelial cell loss, necrosis and severe hemorrhage. The stomachs of treated groups with the plant extracts or their combinations showed significant improvement in acute gastric mucosa injury induced by indomethacin. Rats pretreated with the combination of HE:CA:AV=80:10:10 showed the best protection effect in gastric mucosa with less ulcer area and necrosis ( Figure 2) .
Gastric mucosa provides a special protection for the stomach while it is easily damaged due to stress, smoking， drinking, drugs and bacterial infection [15] [16] [17] . Gastrointestinal toxicity associated with nonsteroidal anti-inflammatory drugs (NSAIDs) is an important medical problem despite its pharmaceutical advances [18] . Hericium erinaceus, Centella asiatica and Amomum villosum had been used for thousands of year as food or health food in China.
Compared with synthetic drugs, they have more advantages of prevention rather than treatment in stomach troubles and were considered much safer and milder for patients [4] . In this study, we explored combinations of three plant extracts especially with the ratio of 80:10:10, 45:45:10 and 45:10:45 (HE:CA:AV), which showed good synergistic effects. These combinations may be used as a dietary supplement to assist the treatment of gastric mucosal lesion. The detailed working mechanism and active ingredients need to be further studied.
Experimental
Materials: Hericium erinaceus, Centella asiatica and Amomum villosum were bought from Ningbo Liwah Pharmaceutical Co., Ltd. H. erinaceus extract was a water extract with a final form of dry powder. The industrial standard of this extract is that the content of polysaccharide should be no less than 44%. C. asiatica was extracted with 70% ethanol and then dried to a powder form. The industrial standard of this extract is that the content of total saponins, including C. asiatica glycosides and hydroxy C. asiatica glycosides should be no less than 40%. A. villosum extract was a water extract with a final form of dry powder. The industrial standard of this extract is that the content of polysaccharide should be no less than 40%. Male Sprague-Dawley rats (180-220 g) were purchased from Qinglongshan Animal Centre (Nanjing, Jiangsu province, China). Indomethacin was purchased from Aladdin (Shanghai, China).
Gastric mucosa protection test:
The ratios of HE/CA/AV were designed by Design-Expert software. Extracts and their combinations were suspended in vehicle at a concentration of 20 mg/mL. Animals were housed in environmentally controlled conditions (22±2 , relative humidity 50±5%) with a 12 h light/dark cycle. They were given tap water ad libitum, fed with standard commercial rat chow and were left to accommodate for 1 week before dosing. Then rats were randomly divided into 12 groups. Rats of the blank group were bred normally without any treatment. Rats of the model group were administered with vehicle 10 mL/kg i.g.. Other groups were administered with suspended extracts or combinations 10 mL/kg i.g.. The rats were administrated once a day for 2 weeks. Then rats were fasted for 24 h, but allowed free access to tap water; after that the rats received a single dose of indomethacin 5 mg/kg BW (0.5 mg/mL i.g.) to provoke the acute damage. Five h later, the rats were sacrificed. Ligate pyloric canal and cardia were excised from the stomach rapidly. The stomach was injected with normal saline (6 mL) then fixed in 10% formaldehyde solution for 20 min. Then the stomach was opened along the greater curvature and flattened. Photos were taken of the flattened stomach and the lesion areas were measured with a vernier caliper (accurate to 0.01 mm). The inhibition ratio was calculated according to the formula: [(Ulcer area (Model control) -Ulcer Area (Treated) )]/Ulcer area (Model control) ×100%. The data were analyzed using GraphPad. All procedures were carried out in accordance with the Principles of Laboratory Animal Care [19] .
Histological analysis: For histological assessment, the stomach samples were fixed in 10% neutral buffered formalin solution and embedded in paraffin. This was then cut in slices of 5 μm and stained with hematoxylin and eosin (H & E) according to the standard procedures.
